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DESCRIPTION 



PROJECTION DISPLAY 



TECHNICAL FIELD 



The present invention relates to a projection display apparatus which is 
capable of controlling projection illuminance. 



BACKGROUND ART 

Recently, because of spread of a DVD or starting of digital high-vision 
broadcast, environment for entertaining high image quality video contents at 
home has been prepared. Therefore, large displays are rapidly in increasing 
demand. In particular, a projection display apparatus represented by a liquid 
crystal projector is more inexpensive and has a larger display size than other 
systems such as a plasma display panel (PDP), so that a user can enjoy video. 
Accordingly, this projection display apparatus has come into wide use as a home 
theater system. Tb obtain high image quality of the projection display 
apparatus, a method for performing high dynamic ranges by controlling amount 
of light of a lamp in response to brightness of the image is invented (See for 
example, Unexamined Japanese Patent Publication No. 2001-100699). 

Fig. 13 is a top view showing an optical layout of a conventional liquid 
crystal projector. 

Light emitted from lamp 150 of a light source is divided into a plurality of 
partial luminous fluxes by first lens array 151, and enters into polarization 
change element 153 via second lens array 152. Each partial luminous flux is 
made its polarization direction arranged, and becomes linear polarization. 



2 

P34145 

Then it is transmitted through diaphragm mechanism 165, and enters 
superimpose lens 154. 

Dichroic mirror 156R reflects only red light, and lets other light pass. 
Dichroic mirror 156G reflects only green light, and lets other light pass. 
5 Among light emitted from superimpose lens 154, red light "R" is reflected 

and separated at dichroic mirror 156R. Among light transmitted through 
dichroic mirror 56R, green light "G" is reflected and separated at dichroic 
mirror 56G, so that blue light "B" is transmitted. 

Red light is reflected at total reflection mirror 157R, transmitted through 
10 field lens 159R and reaches liquid crystal panel 155R. 

Green light "G" is transmitted through field lens 159G and reaches liquid 
crystal panel 155G. 

Blue light "B" is transmitted through relay lens 158Ba, reflected at total 
reflection mirror 157Ba and transmitted through relay lens 158Bb. After that, 
15 blue light "B" is reflected at total reflection mirror 157Bb, transmitted through 
field lens 159B and reaches liquid crystal panel 155B. Liquid crystal panels 
155R, 155G and 155B work as a kind of optical modulators. 

Three color lights transmitted through liquid crystal panels 155R, 155G 
and 155B are superimposed at cross prism 160, and projected via projection 
20 lens 161. 

Arrow 162 denotes a direction in which the superimposed light is 
projected. 

Fig. 14 shows general diaphragm mechanism 165. 

A luminous flux emitted from the lamp passes through part 168 where 
25 the luminous flux passes, and passes through opening 167 formed by 
diaphragm blade 166. 

Diaphragm mechanism 165 is formed of a plurality of diaphragm blades 
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166, and an amount of light of lamp 150 is controlled by changing an area of 
opening 167 continuously using driving means such as a motor (not shown). A 
motor is driven in synchronization with brightness of an image in such a 
manner that the area of opening 167 becomes large when the image is bright 
5 and the area of opening 167 becomes small when the image is dark. Thus, 
high dynamic ranges can be performed. 

The conventional projection display apparatus discussed above needs a 
space for storing the diaphragm blades. The space is larger than a section up 
which a luminous flux from the lamp takes, thereby making the apparatus 
10 difficult in downsizing. In addition, because many diaphragm blades are 
needed, components increase in number, so that the apparatus tends to be 
expensive. A phase plate or a polarizing plate can be utilized instead of the 
diaphragm blade, however, it is also expensive, so that it is not practical. 



15 SUMMARY OF THE INVENTION 

A projection display apparatus of the present invention for expanding 
and projecting an image, which is formed by an optical modulator, using a 
projection lens is constituted as follows- 

A light source illuminates the optical modulator. A first lens array 

20 divides light emitted from the light source into a plurality of partial luminous 
fluxes. A second lens array superimposes the plurality of partial luminous 
fluxes emitted from the first lens array onto the optical modulator. A 
diaphragm mechanism is disposed between the cfiaphragm-mechanisnrlight 
source and the optical modulator, and controls an amount of fight from the light 

25 source. 

A traveling direction of the fight emitted from the fight source is defined 
as a Z-axis, a direction perpendicular to the Z-axis is defined as an X-axis, and a 
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direction perpendicular to a plane formed by the Z*axis and the X-axis is 
defined as a Y-axis. An area of an opening of the diaphragm mechanism 
changes in a direction of the X-axis or the Y-axis. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an optical layout of a liquid crystal projector in accordance with 
an exemplary embodiment of the present invention. 

Figs. 2A and 2B show a diaphragm mechanism in accordance with the 
exemplary embodiment of the present invention. 
10 Fig. 3 shows a second lens array and a projected image. 

Fig. 4 is a schematic view showing an integrator illumination system 
formed of a first lens array and the second lens array. 

Figs. 5A and 5B show light-shielding states of the second lens arrays and 
projected images in accordance with the exemplary embodiment of the present 
15 invention. 

Fig. 6 shows relation between a light-shielding state of each lens cell of 
the second lens array of the diaphragm mechanism and a projected image. 

Figs. 7A and 7B show light-shielding states of second lens arrays by 
diaphragm blades having different shapes and projected images in accordance 
20 with an exemplary embodiment of the present invention. 

Figs. 8A and 8B show light-shielding states of second lens arrays formed 
of diaphragm blades having different shapes and projected images in 
accordance with an exemplary embodiment of the present invention. 

Figs. 9A and 9B show light-shielding states of second lens arrays and 
25 projected images. 

Figs. 10A, 10B and 10C show Ught-shielding states of second lens arrays. 

Fig. 11A is an optical layout of a liquid crystal projector using another 
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diaphragm mechanism in accordance with an exemplary embodiment of the 
present invention. 

Fig. 11B is a sectional view showing a neighborhood of the diaphragm 
mechanism in accordance with the exemplary embodiment of the present 
5 invention. 

Fig. 12 is a perspective view of the diaphragm mechanism in accordance 
with the exemplary embodiment of the present invention. 

Fig. 13 is a conventional optical layout of a liquid crystal projector. 
Fig. 14 is a conventional diaphragm mechanism. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Exemplary embodiments of the present invention are demonstrated 
hereinafter with reference to the accompanying drawings. 

Fig. 1 is a top view showing an optical layout of a liquid crystal projector 
15 in accordance with the exemplary embodiment of the present invention. 

Light emitted from lamp 50 of a light source is divided into a plurality of 
partial luminous fluxes by first lens array 51, and enters into polarization 
change element 53 via second lens array 52. Each partial luminous flux is 
made its polarization direction arranged, and becomes linear polarization. 
20 Then it is transmitted through diaphragm mechanism 65, and enters 
superimpose lens 54. 

Dichroic mirror 56R reflects only red light "R", and lets other light pass. 
Dichroic mirror 56G reflects only green light "G", and lets other light pass. 

Among light emitted from superimpose lens 54, red light "R" is reflected 
25 and separated at dichroic mirror 56R. Among light transmitted through 
dichroic mirror 56R, green light "G" is reflected and separated at dichroic 
mirror 56G, so that blue light "B" is transmitted. 
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Red light "R" is reflected at total reflection mirror 57R, transmitted 
through field lens 59R and reaches liquid crystal panel 55R. 

Green light "G" is transmitted through field lens 59G and reaches liquid 
crystal panel 55G. 

5 Blue light "B" is transmitted through relay lens 58Ba, reflected at total 

reflection mirror 57Ba and transmitted through relay lens 58Bb. After that, 
blue light "B" is reflected at total reflection mirror 57Bb, transmitted through 
field lens 59B and reaches liquid crystal panel 55B. Liquid crystal panels 55R, 
55G and 55B work as a kind of optical modulators. 
10 Three color lights transmitted through liquid crystal panels 55R, 55G and 

55B are superimposed at cross prism 60, and projected via projection lens 61. 

Arrow 62 denotes a direction in which the superimposed light is 
projected. 

Diaphragm mechanism 1 is disposed between first lens array 51 and 
15 second lens array 52. A traveling direction of the light emitted from lamp 50 is 
in a Z-axis. A horizontal direction of diaphragm mechanism 1 is along an 
X-axis. 

Figs. 2 A and 2B are front views of diaphragm mechanism 1 shown from a 
side of lamp 50 along the Z-axis. The X-axis denotes the horizontal direction, 
20 and a Y-axis denotes a vertical direction. 

Diaphragm wings 11a and lib are held by frame 12, thereby forming 
opening 13. 

Fig. 2A shows a state where a diaphragm is opened. 
Fig. 2B shows a state where a diaphragm is closed. 
25 Diaphragm blades 11a and lib are linked and moved with gears 14a, 14b, 

14c and 14d. Gear 14c is coupled with motor 15. By driving motor 15, 
diaphragm blades 11a and lib move vertically by the same distance. At that 
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time, an area of opening 13 is changed with keeping vertically symmetric shape 
with reference to a height of a center position (l3x in Fig. 2A). Brightness 
detecting apparatus 17 detects brightness of an image to be projected. 
Brightness detecting apparatus 17 detects luminance of the frame from an 
5 input video signal, calculates an average value of the luminance of the frame, 
and sends a control signal of a rotation angle of motor 15 to motor controller 16. 

Motor controller 16 drives motor 15 based on the received control signal, 
and moves diaphragm blades to certain positions. Diaphragm blades 11a and 
lib are driven by motor 15 in such a manner that an area of opening 13 
10 becomes large when a bright image is projected and an area of opening 13 
becomes small when a dark image is projected. , Thus, high dynamic ranges 
can be performed. 

Fig. 3 shows a front view of second lens array 52 and a projected image. 

Second lens array 52 is divided into 8 cells in length and 6 cells in width, 
15 and each cell is structured by a lens. First lens array 51 is also divided into 
the same number of cells, namely structured by a plurality of lenses. The cell 
is in a horizontally long rectangular shape, and substantially similar to the 
projected image in shape. Fig. 3 shows a state where second lens array 52 is 
not shielded with diaphragm mechanism 1, so that a bright and uniform 
20 projected image can be obtained. 

Fig. 4 is a schematic view showing an integrator illumination system 
formed of first lens array 51 and second lens array 52. 

To understand the drawings easily, a path of red color "R" from lamp 50 
to liquid crystal panel 55 in Fig. 1 is represented in Fig. 4. Diaphragm 
25 mechanism 1, polarization change element 53, superimpose lens 54, dichroic 
mirror 56 (R), total reflection mirror 57 (R) are omitted in Fig. 4. 

According to distribution of the light emitted from lamp 50 having a 
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reflecting mirror, a periphery is dark in front of first lens array 51 as shown in 
Fig. 4. In this case, when liquid crystal panel 55 is illuminated, a periphery of 
a projected display also becomes extremely dark. To deal with this, the 
integrator illumination system shown in Fig. 4 is adopted, so that illuminance 
of the projected display improves in uniformity. The integrator is formed of a 
plurality of lenses. 

As shown in Fig. 4, first lens array 51 divides the fight emitted from 
reflecting mirror 50 into a plurality of partial luminous fluxes, and forms an 
image of the fight source in response to intensity of this emitted light 
distribution on each lens of second lens array 52. A lot of fight sources of the 
lenses are superimposed and emitted to a whole surface of liquid crystal panel 
55, so that illuminance on the liquid crystal panel improves in uniformity. 

In Fig. 4, dotted fines and arrows respectively denote fights and 
directions of the fights schematically. 

Next, relation between a shape of the diaphragm blade and the projected 
image is described hereinafter. 

Figs. 5A and 5B show light-shielding states of second lens array 52 by 
diaphragm mechanism 1 and projected images at that time. 

Fig. 5A shows a state where the diaphragm value is small, and Fig. 5B 
shows a state where the diaphragm value is large. 

As for shapes of diaphragm blades 11a and lib, end positions, which 
correspond to respective cells, of diaphragm blades 11a and lib are different in 
such a manner that second lens array 52 has different fight-shielded areas of 
the cells which are fight-shielded by diaphragm blades 11a and lib. 

Fig. 6 shows relation between a fight-shielding state of each lens cell of 
second lens array 52 by diaphragm mechanism 1 and a projected image. 

A plurality of images of the fight source formed on each lens cell on 
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second lens array 52 are superimposed and emitted to liquid crystal panel 55, 
so that illuminance on the liquid crystal panel improves in uniformity. 

According to an example of Fig. 6, illuminance on the liquid crystal panel 
becomes uniform as described hereinafter. 
5 Lens cell 201 illuminates 2/3 of an upper side of the liquid crystal panel, 

and 1/3 of a lower side thereof is light-shielded. Lens cell 202 illuminates 1/3 
of an upper side of the liquid crystal panel, and 2/3 of a lower side thereof is 
light-shielded. Whole lens cell 203 is light-shielded. 

Rectangles 211, 212 and 213 corresponding to liquid crystal panels 
10 schematically show states where the liquid crystal panel is illuminated by lens 
cells 201, 202 and 203. Therefore, rectangles 211, 212 and 213 also 
schematically show projected images. 

Similarly lens cell 206 illuminates 2/3 of an upper side of the liquid 
crystal panel, and 1/3 of a lower side thereof is light-shielded. Lens cell 205 
15 illuminates 1/3 of an upper side of the liquid crystal panel, and 2/3 of a lower 
side thereof is light-shielded. Whole lens cell 204 is light-shielded. 

Accordingly, the whole liquid crystal panel is illuminated by combination 
of lens cell 201 and lens cell 245. Similarly, the whole liquid crystal panel is 
illuminated by combination of lens cell 202 and lens cell 246. The liquid 
20 crystal panel is not illuminated by combination of lens cell 203 and lens cell 
204. 

Similarly, the whole liquid crystal panel is illuminated by combination of 
lens cell 241 and lens cell 205. Similarly, the whole liquid crystal panel is 
illuminated by combination of lens cell 242 and lens cell 206. The liquid 
25 crystal panel is not illuminated by combination of lens cell 243 and lens cell 
244. 

Illuminance decreases uniformly by amount of shielded light, so that 
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liquid crystal panel 55 is illuminated uniformly. 

In addition, a position of a border between a light-shielded dark part and 
a bright part differs with cells, so that a border between brightness and 
darkness of each cell is not conspicuous at a projected image. 
5 As discussed above, the case where a pair of diaphragm blades 11a and 

lib exist as shown in Fig. 5 is described by using Fig. 6. As is clear from the 
discussion mentioned above, even when a diaphragm mechanism having only 
one of diaphragm blades 11a and lib is used, illuminance decreases uniformly 
by amount of shielded light, so that liquid crystal panel 55 is illuminated 

10 uniformly. In this case, a border between brightness and darkness of each cell 
is also not conspicuous at a projected image. 

Besides, in a case where diaphragm mechanism 1 is positioned between 
first lens array 51 and light source 50, if second lens array 52 is exchanged to 
first lens array 51 in the above discussion, the same effect can be obtained. 

15 Accordingly, diaphragm mechanism 1 may be placed between first lens array 51 
and light source 50. 

Further, in Fig. 5B showing that the diaphragm value is large, as 
discussed in Fig. 6, illuminance decreases uniformly by amount of shielded light, 
so that liquid crystal panel 55 is illuminated uniformly. Therefore, illuminance 

20 more decreases uniformly than that of Fig. 5A without deteriorating quality of a 
projected image. 

Fig. 7A shows a light-shielding state of second lens array 52 by diaphragm 
mechanism 1 having a blade shape different from that of Fig. 5 and its 
projected image. 

25 Even though the shape is different, as discussed in Fig. 6, liquid crystal 

panel 55 is illuminated uniformly. Accordingly illuminance decreases 
uniformly in the projected plane by amount of shielded light. 
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Still further, in Fig. 7B showing that the diaphragm value is large, 
illuminance more decreases uniformly than that of Fig. 7A without 
deteriorating quality of a projected image. 

Fig. 8A shows a light-shielding state of second lens array 52 by 
5 diaphragm mechanism 1 having a wing shape different from that of Figs. 5A, 
5B, 7A and 7B and its projected image. 

Similarly even though the shape is different, as discussed in Fig. 6, liquid 
crystal panel 55 is illuminated uniformly. Accordingly illuminance decreases 
uniformly in the projected plane by amount of shielded light. 
10 Yet further, in Fig. 8B showing that the diaphragm value is large, 

illuminance more decreases uniformly than that of Fig. 8A without 
deteriorating quality of a projected image. 

In a case of the diaphragm wing whose shape is shown in Figs. 5A, 5B, 
7A, 7B, 8A and 8B, when the diaphragm value changes, liquid crystal panel 55 
15 may be illuminated non-uniformly. However, even in that case, a projected 
plane is illuminated substantially uniformly. 

Furthermore, even in a case where the liquid crystal panel is illuminated 
substantially uniformly, a position of a border between a light-shielded dark 
part and a bright part differs with cells, so that a border between brightness 
20 and darkness of each cell is not conspicuous at a projected image. 

Next, a case where light-shielded areas of respective cells become equal is 
described hereinafter. 

Figs. 9A and 9B are front views showing light-shielded second lens 
arrays and their projected images. Fig. 9A shows a state where the diaphragm 
25 value is small, and Fig. 9B shows a state where the diaphragm value is large. 

In Figs. 9A and 9B, diaphragm blades 11c and lid are formed as a 
straight line. In this case, areas to be light* shielded by respective cells of the 
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second lens arrays becomes equal one another, so that borders between 
brightness and darkness of respective cells correspond with one another at a 
projected image formed by superimposing. Therefore, non-uniformity of 
brightness is generated at positions indicated by arrows 301, 302, 303 and 304 
5 in Figs. A and B. Particularly, for example, when the diaphragm value 
changes from a state of Fig. 9A to a state of Fig. 9B, a position having 
non-uniformity of brightness of the projected image moves in response to 
positions of diaphragm blades 11c and lid. Therefore, quality of the projected 
image deteriorates remarkably. 

10 As shown in Figs. 5A, 5B, 7A, 7B, 8A and 8B, diaphragm blades 11a and 

lib is formed in such a manner that the second lens array has different 
light-shielded areas of the cells which are light-shielded by diaphragm blades 
11a and lib. Thus, even when the diaphragm value is changed, illuminance 
changes substantially uniformly at the projected plane. Accordingly, even 

15 when brightness of the projected image changes continuously, high dynamic 
ranges with natural images can be obtained. 

A shape of diaphragm blade is not limited to the shape shown in Figs. 5A, 
5B, 7A, 7B, 8A and 8B. Another shape is acceptable, if brightness of the 
projected image changes continuously and uniformly according to changing of 

20 the light- shielded area of the diaphragm blade. 

In addition, in the examples of Figs. 5A, 5B, 7A, 7B, 8A and 8B, a shape 
of diaphragm blades 11a and lib is a stepwise shape formed by straight lines. 
However, for example, a shape of the diaphragm blade may be formed by a 
smooth curve shown in Figs. 10A, 10B and 10C in response to the shape of the 

25 diaphragm blade of Figs. 5A, 5B, 7A, 7B, 8A and 8B. If a shape of the 
diaphragm blade is formed in such a manner that light-shielded areas of the 
respective cells include different area values, and illuminance can be reduced 
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substantially uniformly at the projected plane, the diaphragm blade may be 

formed using the shape combined by these curves. 

Besides, according to Figs. 5A, 5B, 7A, 7B, 8A and 8B, diaphragm blades 

11a and lib are formed in such a manner that opening 13 shows a vertically 
5 and horizontally symmetric shape. However, opening 13 may show a vertically 

and horizontally asymmetric shape. In addition, as mentioned above, 

diaphragm blades may be formed of one piece. However, a reflection 

wavelength depends on an incident angle at dichroic mirrors 56G and 56R, so 

that non- uniformly of color is easy to occur slightly at the projected image when 
10 opening 13 has a vertically and horizontally asymmetric shape. Therefore, a 

vertically and horizontally symmetric shape or a point symmetric shape with 

respect to a center of the opening is preferable. 

Further, according to the present embodiment, a case where diaphragm 

mechanism 1 is disposed between first lens array 51 and second lens array 52 is 
15 described. 

However, in a case where diaphragm mechanism 1 is positioned between 
first lens array 51 and light source 50, if second lens array 52 is exchanged to 
first lens array 51 in the above discussion, the same effect can be obtained. 
Accordingly, diaphragm mechanism 1 may be placed between first lens array 51 
20 and fight source 50. 

In addition, if the same effect can be obtained, a pair of diaphragm 
mechanisms or a plurality of diaphragm mechanisms may be positioned at any 
one of positions of an optical path between lamp 50 and liquid crystal panel 55R, 
55G or 55B. 

25 Next, a case of using another diaphragm mechanism of the present 

embodiment is described hereinafter. 

Fig. 11 A is a top view showing an optical layout of a liquid crystal 
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projector in this case. 

According to Fig. HA, diaphragm mechanism 20 is disposed between 
first lens array 51 and second lens array 52 instead of diaphragm mechanism 1 
shown in Fig. 1 discussed above. 
5 Excluding this point, in the liquid crystal projector shown in Fig. 11A, the 

elements similar to those shown in Fig. 1 have the same reference marks and 
their operation are same. 

Fig. 11B is a sectional view showing a neighborhood of diaphragm 
mechanism 20. 

10 Fig. 12 is a perspective view of diaphragm mechanism 20. 

In Figs. 11B and 12, diaphragm blades 21a and 21b are coupled with 
each other by gears 22a and 22b, linked with a motor (not shown) and move. A 
gear ratio of gear 22a to gear 22b is set 1 to 1. Diaphragm blades 21a and 21b 
move vertically and symmetrically each other as shown at arrows 351 and 352 
15 respectively. 

Fig. 12 shows a state where a diaphragm is opened. 

Diaphragm blades 21a and 21b perform an opening and closing operation 
in directions of arrows 351 and 352 shown in Fig. 12, so that a part of luminous 
flux emitted from lamp 50 is shielded. 

20 As diaphragm blades 11a and lib shown in Fig.4, diaphragm blades 21a 

and 21b each is formed as a stepwise shape in such a manner that a cell of a 
second lens array has different light-shielded area from another cell. Using 
this structure, as this embodiment 1, brightness on a projected plane can be 
controlled uniformly without deteriorating quality of a projected image. 

25 The diaphragm mechanism discussed before needs a space for storing the 

diaphragm blade outside the optical path, so that the diaphragm mechanism 
becomes large. On the contrary, according to a method discussed here, 
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diaphragm blades 21a and 21b can be stored between the first lens array and 
the second lens array, so that it is effective for saving spaces. 

Material having high reflectivity such as bright aluminum or material 
whose surface is plated with a material such as chrome having high reflectivity 
is preferably used at diaphragm blades 11 and 21. In this case, diaphragm 
blades 11 and 21 reflect light from lamp 50. Accordingly, heat-transfer to a 
driving section of diaphragm mechanism 1 or diaphragm mechanism 20 can be 
prevented. As a result, temperature-rise of the diaphragm mechanism and the 
driving section can be suppressed. 

A magnet used in the motor for driving diaphragm mechanism 1 or 
diaphragm mechanism 20 is demagnetized at a high temperature and its 
characteristics deteriorates. Therefore, by reducing a driving temperature of 
the driving section, stable driving characteristics of the motor can be obtained. 
Furthermore, by reducing the driving temperature, sufficient driving 
characteristics can be obtained even in a case of a motor using an inexpensive 
magnet, thereby making the apparatus at a low cost. 

In addition, a voice coil motor is preferably used as the motor for driving 
diaphragm mechanism 1 or diaphragm mechanism 20. The voice coil motor 
can work at a speed of response of 1/30 msec sufficiently, and thereby following 
luminance fluctuation of a moving image. Besides, the voice coil motor can 
control a stop position of the diaphragm blade without steps. Therefore, high 
dynamic ranges can be performed without deteriorating quality of a moving 
image. 

According to the present embodiment, a liquid crystal projector is 
discussed. However, even though a projector using a micro mirror, if it is a 
projection display apparatus adopting a method using a lens array to uniform a 
luminous flux from a lump, the present invention can be adapted. 
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INDUSTRIAL APPLICABILITY 

According to the present invention, using a simple diaphragm 
mechanism formed by a pair of diaphragm blades, a compact and low-cost 
5 projection display apparatus can be obtained. Furthermore, the projection 
display apparatus of the present invention can obtain high dynamic ranges. 
Therefore, the projection display apparatus of the present invention is useful as 
a projection display apparatus capable of controlling projection illuminance. 
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